The authors linked interview data drawn from Utah participants in the Diet, Activity, and Reproduction in Colon Cancer (DARCC) Study (1992)(1993)(1994)(1995) to genealogic and cancer information contained in the Utah Population Database (UPDB). They evaluated the sensitivity of subjects' reports of familial cancers and measured the overall agreement between reported and database records with the kappa (K) statistic. They calculated odds ratios from logistic regression to compare the relative risk estimates that would result from use of either data set (or both data sets). Overall, 37.6% (331 of 881) of the Utah DARCC subjects were linked to the UPDB genealogy. High sensitivities were observed for subjects' reports of breast (83%), colorectal (73%), and prostate (70%) cancers, while ovarian (60%) and uterine (30%) cancers were not reported as well. Results for K were similar, with values of 0.63 for breast cancer and 0.56 for colorectal cancer. Although the observed KS of 0.36 and 0.25 for ovarian and uterine cancers, respectively, exceeded chance expectations, the agreement between subjects' reports and database records was unimpressive. No consistent difference was observed between cases and controls in the accuracy of self-reports. In general, higher sensitivities were observed among younger subjects than older subjects; females reported family histories of cancer only slightly better than males. A college education was not consistently associated with more accurate reporting of family history of cancer. These results indicate that subjects in a case-control study are able to report accurately family histories of several common kinds of cancer and that they can do so without observable recall bias. The accuracy of self-reports may not be adequate for reproductive tract cancers and cancers such as rectal cancer that are frequently confused with cancers of similar organs.
A family history of cancer has been one of the factors most consistently associated with increased risk of developing cancer (1) (2) (3) (4) (5) . While most population-based studies, both case-control and cohort, rely on self-reported family history data, few attempts have been made to understand the accuracy of self-reported data on family history of cancer (6, 7) .
Inaccurate reporting of family history information may result in nondifferential misclassification, in which all subjects report exposures with the same degree of inaccuracy, or differential misclassification, in which subjects with disease report more or less accurately than those without disease (8) . Nondiffer-ential misclassification typically results in an attenuation of effect estimates. The most prominent form of differential misclassification, recall bias, is thought to be especially troublesome in case-control studies, where cases may be far more aware of their family histories than are controls. Recall bias can result in inflated risk estimates as well as attenuated risk estimates.
To assess the degree and form of information bias occurring in a large, multicenter, population-based, case-control study of colon cancer, we have taken subject reports of family histories of cancer from 125 colon cancer cases and 206 controls from the Diet, Activity, and Reproduction in Colon Cancer (DARCC) (9) Study and compared them with family histories of cancer as recorded in the Utah Population Database (UPDB), a population-based genealogic database of more man one million individuals with linked cancer data from the Utah Cancer Registry (10) . We have evaluated the sensitivity of subjects' case reports and used the kappa (K) statistic (11) to evaluate the overall agreement between the self-reported family histories recorded for seven cancers in the DARCC interview and the UPDB-linked family history data.
MATERIALS AND METHODS

DARCC Study
Cases were identified by rapid case ascertainment in three different geographic areas: 1) Kaiser Permanente Medical Care Program of Northern California; 2) the Twin Cities metropolitan area; and 3) an eight-county metropolitan area surrounding Salt Lake City, Utah. Only Utah subjects were used in the analyses reported here. Briefly, cases were first primary colon cancers (excluding appendix, rectosigmoid function, and rectal cancers). All study participants were white, black, or Hispanic; 30-79 years old; and mentally and physically able to complete the interview. Controls in Utah were selected by random-digit dialing, driver's license, and Health Care Financing Administration records. Category age and sex matching was used to ensure similar age and sex distributions of cases and controls. Computer-assisted in-person interviewing was used at all centers (9) .
Linkage to the UPDB
Utah subjects were linked to the UPDB genealogy data using names and birth dates. For women, both maiden and married names in the UPDB were matched to current names as identified in the DARCC Study. A probabilistic record-linking program was used to identify potential matches (12) . Records with ambiguous linking scores were hand-checked.
The UPDB genealogic database has multiple generations of parent-child relationships, with ancestral records dating back to the early 19th century. The number of biologic relatives recorded in the UPDB for each linked subject ranged from two to over 11,000, with a median of 837 and a mean of 1,637.
Assessment of family histories
During the interview, all subjects were asked to enumerate their parents, siblings, and children, by name, and to identify which family members were dead and the current age or age at death of each. Subjects were asked if each relative in turn had ever been given a diagnosis of cancer, and, if a cancer diagnosis were reported, to identify the kind of cancer from a list. Answers given in the "other/please specify" category were recoded by the study coordinator where possible.
The UPDB-based family histories were compiled by searching all known relatives of a subject. Cancer incidence data for the subjects' relatives were obtained from a subset of data from the Utah Cancer Registry, a population-based cancer registry which has been recording all diagnoses of cancer among Utah residents since 1966 and which has been a member of the National Cancer Institute's Surveillance Epidemiology and End Results Program since its inception in 1973. Utah Cancer Registry data have been linked to UPDB genealogy data periodically since 1981 and annually since 1992; the most recent record linkage was performed in 1995.
Comparisons
We selected for examination family histories of several cancers (colorectal, ovarian, and uterine) that have been reported to be associated with increased colon cancer risk (13, 14) and two cancers (breast and prostate) that we expected to occur commonly in families of study subjects. Because the linked UPDB-Utah Cancer Registry data are not complete, they cannot serve as a perfect "gold standard" against which to compare the DARCC interview data. Nevertheless, any cancer recorded by Utah Cancer Registry data in a family member identified through the UPDB can be regarded as confirmed. One useful measure of the accuracy of the interview data, then, is the sensitivity of the subjects' reports, measured as
where n ++ is the total number of familial cancers recorded by both the UPDB and the DARCC interview, and where n + is the total number of familial cancers identified in the UPDB among first-degree relatives. A second useful measure of overall agreement between the measures is K, defined as
where o is the observed agreement between the DARCC interview and the UPDB, and where e is the expected proportion of agreement calculated from the marginal totals. Ninety-five percent confidence intervals around both s and K were calculated by standard methods (11) .
To evaluate the effects of any attenuation or recall bias on risk estimates, we calculated odds ratios associated with family histories measured via interview, the UPDB, and the combination of the UPDB and interview data. All odds ratios were calculated by logistic regression models that included the following terms (in addition to family history): age, sex, body mass index, energy intake, total fiber, calcium, use of aspirin and/or nonsteroidal antiinflammatory drugs, and long-term physical activity.
RESULTS
Overall, 331 of 881 Utah DARCC subjects (38 percent) were identified in the UPDB genealogy. Older subjects were linked more often (45 percent) than were younger ones (29 percent), reflecting the fact that the proportion of the Utah population in the UPDB genealogy falls off substantially after 1920 (the proportion of Utah births recorded in the UPDB decreases from a level of about 60 percent between 1920 and 1934 to just over 30 percent by 1960). Males (41 percent) were linked more often than were females (33 percent), because for some women only maiden names were available in the UPDB, whereas the DARCC Study recorded only married names. Finally, control subjects (40 percent) were linked slightly more frequently than were cases (35 percent).
In table 1, subjects are characterized as positive or negative for family history of each of several cancers by both the DARCC interview and the UPDB, and interview sensitivity and K are given with 95 percent confidence intervals. Sensitivities for breast cancer (83 percent), colorectal cancer (73 percent), and prostate cancer (70 percent) were all high and varied little between cases and controls. Ovarian cancers were reported with moderate sensitivity (60 percent), although the numbers of confirmed cases are too small to provide stable estimates. Uterine cancer (30 percent) was not reported well.
The measure of overall agreement, K, behaved in a generally similar fashion (table 1) . Agreement was highest overall for breast cancer (K = 0.63), with cases (K = 0.73) exceeding controls (K = 0.58) in reliability of reporting. For all other sites, no differences between cases and controls were observed. Prostate (K = 0.61) and colorectal (K = 0.56) cancers were also reported accurately. Uterine and ovarian cancers, while agreeing significantly more often than by chance, were reported less well than were the others.
In further analyses (not shown), we examined sensitivities and KS by sex, age, and educational status. For results stratified by sex, the site-specific patterns are generally the same as in table 1, but for all sites except the ovary, women reported somewhat more accurately than did men. The differences are largest for colorectal cancers (80 percent sensitivity for women, 67 percent for men) but are too small to be distinguished from chance. Younger subjects generally reported family histories of cancer with much greater accuracy than did older ones, with the exception of the female reproductive tract cancers. For breast, prostate, and colorectal cancers, the sensitivity of reporting among subjects aged 66 years or less approached or exceeded 90 percent, and K exceeded 0.70. Subjects 67 years and older reported breast and colorectal cancers with fairly high sensitivity (79 percent and 68 percent, respectively), but they reported familial prostate cancers less well (59 percent sensitivity). Although younger subjects had no confirmed reports of ovarian cancer (there was only one case in the UPDB), older subjects correctly reported three of the four confirmed cases. Education appeared to have little influence on either sensitivity or K, although subjects with a college education were more likely to report family histories of breast (s = 87 percent) and prostate (s -74 percent) cancer accurately than were subjects with less education (s = 75 percent and 60 percent, respectively). Table 2 shows the variability in estimates of risk resulting from alternative reporting sources. In general, odds ratios calculated from UPDB data were higher than those resulting from the interview data. The most striking difference between interview and UPDB data was seen for rectal cancer, where the accuracy of reporting was nil. The large odds ratio for a family history of uterine cancer (odds ratio = 5.25, 95 percent confidence interval 1.25-22.2 from the UPDB) is of considerable interest as is the somewhat less secure result for a family history of ovarian cancer (odds ratio = 4.14, 95 percent confidence interval 1.02-6.9 from the DARCC interview). The very small number of familial ovarian cancers observed in the UPDB for this sample makes the UPDB-based estimated odds ratio of 2.70 very unstable (95 percent confidence interval 0.42-17.3).
DISCUSSION
DARCC subjects generally reported family histories of cancer with 70-90 percent sensitivity and with little suggestion of recall bias, but there was considerable variability depending on the site of familial cancer in question. Colorectal cancer, breast cancer, and prostate cancer were reported with a high degree of accuracy. Ovarian and uterine cancers were reported less well.
Cases and controls did not differ discemibly in their ability to report familial cancer cases for any site except possibly breast cancer. Sensitivity to familial breast cancers appeared to be about the same among cases and controls, but the K statistic, which counts false positive reports as well as false negative reports, was moderately higher among cases. The interpretation of this finding is not entirely clear, because the UPDB is not a complete record of the possible experience of family members. The Utah Cancer Registry data set does not have reliable information on cancers diagnosed among people living outside Utah or before 1966. While it may be true that controls more often reported incorrectly that a family member had had breast cancer, it is also possible that some unknown combination of factors led these breast cancers to be diagnosed outside the scope of the Utah Cancer Registry and, thus, not be available to the UPDB database.
After site, the best predictor of reporting accuracy was age. Younger subjects were better able to report familial breast, colorectal, and prostate cancers than were older subjects. Women generally reported more accurately than did men, though the differences were never large. Wives of subjects were frequently present during the interview (29.8 percent of interviews), but husbands of subjects were rarely present (9.8 percent of interviews). This may account for some of the similarity between results for men and women. Educational status did not have a consistent effect on the accuracy of reporting.
The relative risks for colon cancer observed among these subjects were usually highest if based on UPDB data. Odds ratios for family histories of colon, rectal, and colorectal cancer were in the same range reported in other studies (13, 15, 16) . No effects were observed for family histories of breast or prostate cancer. If any recall bias was operating in the reporting of breast cancer family histories, it had a negligible effect on these risk estimates. The increased risks seen for people with family histories of uterine and ovarian cancer have also been reported elsewhere (14, 15) . • UPDB, Utah Population Database; OR, odds ratio; Cl, confidence interval.
In conclusion, these findings hold several implications for studies of the family history of cancer. Subjects can report accurately, and without recall bias, on family histories of at least several common cancers. Some cancers, particularly those of the female reproductive tract, and cancers in organs that are not easily distinguished from neighboring organs may be difficult to ascertain accurately from questionnaires. Younger subjects appear to be more able or willing to report accurately on family histories of cancer. Sex and education are less important factors in the accuracy of reporting. Finally, we were able to identify familial aggregation of colorectal cancer through both the questionnaire and our search of the UPDB database and to find suggestive associations of colon cancer risk with family histories of uterine and ovarian cancer by combining the database search with our interview data.
